An immunoblot procedure for the strain-specific quantitative analysis of commercial Rhizobium inoculants was developed. The technique greatly reduced the time required for inoculant analysis. Correlation between immunoblot analysis and traditional plant nodule grow-out most-probable-number techniques was r = 0.90 for 16 commercial alfalfa inoculants tested.
Analysis of commercial legume inoculants is carried out by Agriculture Canada as part of a regulatory program designed to maintain high quality in inoculants available to Canadian farmers. The inoculant analysis involves determination of the number of live rhizobia of appropriate species per unit weight of carrier (2) . Traditional analysis has been performed by means of a most-probable-number plant growout technique in which serially diluted inoculant is applied to aseptic host plants and the viable rhizobium number is calculated from the point of nodule extinction after 4 weeks of growth. A major problem with the grow-out technique is the length of time required for completion of nodule development on the host plants. Also, the grow-out procedure is incapable of distinguishing between strains within a Rhizobium species. The advent of selected individual strains in the commercial market has created a need for rapid analysis at the strain level.
Identification of Rhizobium strains by enzyme-linked immunosorbent assay in colonies picked from plate counts of commercial inoculants has allowed considerable reduction in the time required for inoculant analysis (4) . This procedure involves the individual suspension of picked colonies in buffer, adjustment of cell densities, individual transfer of cell suspensions to microdilution plate wells, and manipulation of microdilution plates with specialized immunoassay equipment. Rhizobium extracts (6) and whole cells (1) have been immunologically identified at the strain level after electrophoretic or manual transfer to nitrocellulose membranes. We describe here a simplified immunoblot approach whereby Rhizobium colonies are plate counted in the normal way and a template of the resultant colonies is obtained by laying on and then peeling off a circular nitrocellulose membrane. The membrane is then processed with a specific primary antibody, an enzyme-conjugated second antibody, and a precipitating substrate. The result is colored spots on the membrane corresponding to specific colony-antibody interactions. The immunoblot procedure simultaneously tests all colonies on a petri dish and eliminates requirements for specialized enzyme-linked immunosorbent assay equipment such as microdilution plate readers.
Antibodies used in this study were polyclonal and of rabbit origin. Strain specificity was obtained by extensive crossadsorptions of the originally cross-reactive antisera with cells of heterologous Rhizobium meliloti strains (3). The antibodies are reactive with heat-stable (probably lipopolysaccharide) antigen. Single-strain inoculants containing either NRG 185 or Balsac (R. meliloti strains selected for use in western and eastern Canada, respectively) were conventionally plate counted in triplicate on yeast extract-mannitol agar medium (5) containing 0.003% cycloheximide for fungal suppression. Plates were incubated for 3 days at 30°C, and those displaying 30 to 300 colonies were selected for membrane immunoblot assay.
Nitrocellulose membranes (82.5-mm diameter, catalog no. 170-3202; Bio-Rad Laboratories, Richmond, Calif.) were laid on a single selected plate of an appropriate dilution and allowed to wet completely, touching all colonies on the plate surface. After 1 to 2 min, the membranes were peeled from medium surfaces and immersed in deionized water to a depth of at least 5 cm in a dish. Attached colonies were thoroughly rinsed off the membranes with a stream of water. Washing was continued until colonies were no longer visible. Membranes were air dried (colony side up) on absorbent tissue paper and then soaked for 30 min in acidified (to pH 2.6 with HCI) phosphate-buffered saline to denature bound alkaline phosphatase endogenously produced by the colonies. Membranes were then washed to neutrality (phosphate-buffered saline, pH 7.2), blotted lightly on tissue paper, and soaked in a solution of 2.0% skim milk powder for 30 min (37°C) to block nonspecific protein-binding sites. Membranes were washed three times in 250 ml of phosphate-buffered saline plus 0.05% Tween-20 (PBST, pH 7.2) and placed in appropriate specific-antibody solutions in glass petri dishes (25 ml, 1:1,000 in PBST) for 2 h at room temperature. Membranes were given three 5-min washes (250 ml of PBST with agitation) and transferred to solutions of goat anti-rabbit immunoglobulin G conjugated with alkaline phophatase (25 ml, 1:4,000 in PBST; Bio-Rad) for 1.5 h. Membranes were washed again (250 ml of PBST, three times, 5 min each, with agitation) and transferred to freshly prepared substrate solution (Nitro Blue Tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate; Bio-Rad). Positive reactions were seen as distinct purple spots at the sites where colonies reactive with the primary antibody had been. Color development was complete within 60 min, and membranes were again thoroughly washed before being dried and stored in the dark for permanent record.
The repeated 5-min membrane washings described above required considerable time. As an alternative, we developed a vacuum filter device that allowed increased efficiency in washing while greatly reducing the time required. A 12-cm-diameter circle of porous 350; Curtin Matheson) was fastened into a 15-cm plastic funnel, using silicone seal. Installed on a vacuum flask, the device allowed an even suction to pull liquids through nitrocellulose membranes. Buffer was allowed to overflow the membrane surface and was then sucked through. This procedure was substituted for the conventional 5-min passive washes in some of the work. The immunoblot estimates were highly correlated with the grow-out estimates (r = 0.90). Note that one sample (8880) was incorrectly labeled as to strain content. Figure 1 shows plate counts and corresponding membrane immunoblots for two inoculants, one completely free from contamination ( Fig. la and b ) and another with medium-level contamination ( Fig. lc and d) 
